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(57) ABSTRACT 

Disclosed is a semiconductor integrated circuit realizing 
improved operating speed, reduced power consumption in 
un active mode, reduced power consumption in a standby 
mode, and reduced area of a chip. A first logic gate using a 
first pair of potentials VDDL, VSSL having a relatively 
small potential difference as an operation power source and 
a second logic gate using a second pair of potentials VDDH. 
VSSH having a relatively large potential difference as an 
operation power source commonly use substrate potentials 
VHP, VBN of MIS transistors. The second logic gate has a 
relatively high driving capability, and the first logic gate can 
operate on relatively low power. The MIS transistor has a 
threshold voltage which increases by a reverse substrate bias 
and decreases by a forward substrate bias. By commonly 
using the substrate potential, even in the case where different 
substrate bias states arc generated at both of the logic gates. 
MOS transistors of the logic gates can be formed in the 
common well region. 
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FIG. 1 
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FIG. 3 
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FIG. 11 
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FIG. 19(A) 
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FIG. 22 
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FIG. 23 



POWER 
CIRCUIT 




CPU CORE 



SEMICONDUCTOR INTEGRATED CIRCUIT 



70A 



74 



Patent Application Publication Nov. 22, 2001 Sheet 19 of 22 US 2001/0043085 Al 



FIG. 24 
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FIG. 25 
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FIG. 27 
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FIG. 29 
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SEMICONDUCTOR INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
integrated circuit, a method or' designing the same, a pro- 
gram recording medium on which a program for supporting 
designing of the semiconductor integrated circuit is 
recorded, and a design data recording medium on which 
design data used for designing the semiconductor integrated 
circuit is recorded. More particularly, the invention relates to 
a technique effective tor use in a semiconductor integrated 
circuit suitable for high-speed and low-power operation. 

[0002] In recent years, a semiconductor integrated circuit 
device is requested to have improved operating frequency 
and lower power consumption. In order to improve the 
operating frequency, generally, the threshold voltage of an 
insulated gate field effect transistor (hcreinbelow. simply 
called an MIS (Metal Insulated Semiconductor) transistor or 
a MOS (Metal Oxide Semiconductor) transistor) used in a 
semiconductor integrated circuit is decreased. When the 
threshold voltage is set to too low, however, a MOS tran- 
sistor cannot be completely turned off due to a subthreshold 
characteristic of the MOS transistor, a subthreshold leak 
current increases, and a problem such that power consump- 
tion of the semiconductor integrated circuit becomes very 
high occurs. For solving the problem. Japanese Unexamined 
Patent Publication No. Hei 11(1999)-195976 (tirst literature) 
discloses a method of preparing a plurality of kinds of MOS 
transistors having different threshold voltages and selec- 
tively using the MOS transistors in accordance with the 
degree of timing allowance of a signal path in a semicon- 
ductor integrated circuit. 

[0003] To address the request for reduction in power 
consumption, Japanese Unexamined Patent Publication No. 
Hei 10(L99S)-IS9749 (U.S. Pat. No. 6,093.043) (second 
literature) discloses a method of preparing a plurality of 
power supply voltages and selectively using a circuit for 
supplying a high voltage and a circuit for supplying a low 
voltage, thereby reducing the power. 

[0004] The method disclosed in the first literature intends 
to achieve both improvement in operating speed and reduc- 
tion in leak current in the standby mode by applying a circuit . 
using a MOS transistor of a low threshold voltage to a path 
having no timing allowance (critical path) and applying a 
circuit using a MOS transistor having a high threshold 
voltage to other paths. In a circuit to which the technique is 
applied, however, when an attempt is made to reduce the 
power consumption in active operation by decreasing the 
power supply voltage, the threshold voltage of a MOS 
transistor has to be also decreased to maintain the operating 
speed. It was clarified by the examination of the inventors of 
the present invention that large reduction in power consump- 
tion cannot be expected due to the power consumption 
increased by the leak current in the standby mode. 

[0O05] According to the method disclosed in the second 
literature, a plurality of power supply voltages are prepared 
in a semiconductor integrated circuit. By supplying a high 
voltage to a circuit as a component of a path having no 
allowance (critical path) and supplying a low voltage to a 
circuit as a component of a path having ao allowance in 
accordance with the degree of liming allowance of a signal 
path, the method intends to achieve improved operating 



speed and reduction in power in active operation. Regarding 
a circuit to which the technique is applied, however, the 
inventors of the present invention have uncovered that since 
a substrate voltage in a MOS transistor to which a high 
operating voltage is supplied and that in a MOS transistor to 
which a low operating voltage is supplied are different from 
each other, an isolating region is necessary in the substrate, 
and the chip area may increase. Since all of MOS transistors 
have the same threshold voltage, there is the possibility that 
power consumption increases due to a leak current in the 
standby mode. 

SUMMARY OF THE INVENTION 

[0006] An object of the invention is to provide a semi- 
conductor integrated circuit realizing high-speed and lower- 
power operation from the viewpoint of operating power 
source voltage and substrate bias voltage. 

[0007] Another object of the invention is to provide a 
semiconductor integrated circuit without an overhead area, 
realizing improved operating speed, reduced power con- 
sumption in an active mode, and reduced power consump- 
tion in a standby mode. 

[0008] Another object of the invention is to provide a 
designing method suitable for designing a semiconductor 
integrated circuit without an overhead area, realizing 
improved operating speed, reduced power consumption in 
an active mode, and reduced power consumption in a 
standby mode. Further another object of the invention is to 
provide a program recording medium on which a design 
supporting program suitable for increasing efficiency in 
designing such a semiconductor integrated circuit is 
recorded and, further, a design data recording medium on 
which design data suitable for increasing efficiency in 
designing such a semiconductor integrated circuit is 
recorded. 

[0009] The above and other objects and novel features of 
the invention will become apparent from the description of 
the specification and the accompanying drawings. 

[0010] An embodiment of the invention disclosed in the 
application will be briefly described as follows. 

[00 LI] b 1. <Sharing of Substrate Potential> 

[0012] From the viewpoint of sharing a substrate potential 
by logic gates of different operation power sources, a 
semiconductor integrated circuit has: a first logic gate (i) 
using, as an operation power source, a first pair of potentials 
(V'DDL and VSSL or VDDL and VSS) having a relatively 
small potential difference; and a second logic gate (2) using, 
as an operaiiun power source, a second pair of potentials 
(VDDH and VSSH or VDDH and VSS) having a relatively 
large potential difference. Each of the first and second logic 
gales has an MIS transistor, and substrate potentials (VBP 
and VHN, or VDDH and VSSH) of the MIS transistors are 
commonly used by the first and second logic gates. 

[0013] Since the second logic gate has a larger potential 
difference of the operation power source as compared with 
the first logic gale, an output voltage amplitude by the MIS 
transistors (MP0 and MN0) of the second logic gate is larger 
than that of the MIS transistors (MPl and MN1) of the first 
logic gate. The second logic gate has a relatively higher 
driving capability and operates ;tt high speed. Since the 
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power consumption in logic operation is proportional to the 
square of the output voltage amplitude, the first logic gate I 
can operate with less power. At thus time, the MIS transistor 
has a characteristic such that the threshold voltage increases 
due to a reverse substrate bias applied across the source and 
the substrate, and the threshold voltage decreases by a 
forward substrate bias. Since the substrate potentials of the 
MIS transistors are commonly used by the first and second 
logic gates, even in the case or generating different substrate 
bias stales in the first and second logic gates. MOS transis- 
tors as components of the logic gates can be formed in the 
common well region. When the substrate potential of the 
first logic gate and that of the second logic gate are made 
different from each other, even the conduction type of the 
MIS transistors is the same, the well regions have to be 
electrically isolated from each other, and the chip occupying 
area enlarges due to the isolation areas. The substrate bias 
states in the first and second logic gates can be set according 
to the level of the substrate potential and that of the power 
source potentials of both of the logic circuits. When the 
forward substrate bias is applied to an MIS transistor 
included in the second logic gate intended for high speed 
operation, the threshold voltage decreases, and the operation 
can be performed at higher speed. On the other hand, when 
the reverse substrate bias is applied to an MIS transistor 
included in the first logic gate intended tor low power 
operation, the threshold voltage increases, the subthreshold 
leak current at the time of non-conduction decreases, and the 
low power operation is promoted. 

[IN) 14] As a first example of the substrate bias states which 
can be set for the first and second logic gates, when the level 
(VBP) between the high potential side potentials (VDDH 
and VDDL) at each of the first and second potential pairs and 
the level (VBN) between the low potential side potentials 
(VSSL and VSSH) are used as the substrate potentials, the 
reverse substrate bias can be applied to the MIS transistor in 
the first logic gate, and the forward substrate bias can be 
applied to the MIS transistor in the second logic gate. Thus, 
the second logic gate intended for high speed operation can 
operate at higher speed, and the first logic gate intended fol- 
low power operation can operate with lower power due to 
reduction in the subthreshold leak current. 

[0015] As shown in FIG. 1, by using the substrate bias 
states for both the p-channel type MIS transistor and the 
n-ehannel type MIS transistor included in the first and 
second logic gates, the maximum effect can be produced. 

[00.16] The subthreshold leak Is proportional to the gale 
width of the MIS transistor. Consequently, in consideration 
of the fact that the gate width of a p-channel type MIS 
transistor which is generally inferior from the viewpoint of 
driving capability or electron conductivity tends to be set 
wider than thai of an n-channel type MIS transistor, as 
shown in FIG. 27, the low power can be realized even when 
a reverse substrate bias slate is generated only for the 
p-channel type MIS transistor in the first logic gate intended 
for low power operation. 

[0017] When the promotion of the low power operation in 
the first logic gale is mainly considered, as shown in FIG. 
25, it is also possible to apply a reverse substrate bias only 
lo the MLS transistor in the first logic gate, and not to apply 
the substrate bias to the second logic gale. 



[0018] 2. <Sharing of Well Region> 

[0019] The viewpoint of sharing the substrate potential 
may be also grasped from the viewpoint of sharing the well 
region in the MIS iransistor. A semiconductor integrated 
circuit has: a first logic gate (1) using, as an operation power 
source, a first pair of potentials (VDDL and VSSL, VDDL 
and VSS) having a relatively small potential difference; and 
a second logic gate (2) using, as an operation power source, 
a second pair of potentials (VDDH and VSSH. VDDH and 
VSS) having a relatively large potential difference. Each of 
the first and second logic gates has an MIS transistor, and 
well regions (NWELL, PWELL) of the MIS transistor in 
which the lirst logic is formed and well region (NWELL, 
PWELL) of the MIS transistor in which the second logic 
gate is formed are made common every conduction type. 
According lo the potential applied to the well region in the 
MIS transistor, the bias state of the MIS transistor is deter- 
mined. The action at this time is the same as the above I. 

[0020] 3. < Viewpoint of Potential Pair> 

[0021] In a further detailed mode of the invention by 
sharing the substrate potentials, a semiconductor integrated 
circuit includes: a first logic gate (I) using, as an operation 
power source, a first pair of a high potential and a low 
potential ( VDDL and VSSL. VDDL and VSS); and a second 
logic gate (2) using, as an operation power source, a second 
pair of a high potential and a low potential (VDDH and 
VSSH. VDDH and VSS) having a potential difference larger 
lhan that of the first potential pair. Substrate potentials ( VBP 
and VBN, VDDH and VSSH) of MIS transistors in the first 
logic gaie and those of MIS transistors in the second logic 
gate are common to each other, and at least the first logic 
gate includes an MIS transistor to which a substrate bias is 
applied in a reverse direction by the substrate potential. 

[0022] Specific modes of the pair of the first and second 
potentials and the substrate potential arc as follows. As a first 
mode, as shown in FIG. 1, the first potential pair includes a 
first high potential (VDDL) and a first low potential (VSSL), 
the second potential pair includes a second high potential 
(VDDH) higher than the first high potential and a second 
low potential (VSSH) lower than the first low potential, and 
ihe substrate potentials includes a high potential side sub- 
strate potential (VBP) between the first and second high 
potentials and a low potential side substrate potential (VBN) 
between the first and second low potentials. In the mode, as 
described above, the reverse substrate bias state is achieved 
in both of the p-channel type MIS transistor and the n-chan- 
nel lype MIS transistor included in the first logic gate, and 
ihe forward substrate bias state is achieved in both of the 
p-channel lype MIS transistor and the n-channel lype MIS 
transistor included in the second logic gale. 

[0023] As a second specific mode, as shown in FIG. 25, 
the first poiential pair includes a firsi high potential (VDDL) 
and a first low potential (VSSL), the second potential pair 
includes a second high potential (VDDH) higher than the 
first high potential and a second low potential (VSSH) lower 
lhan the first low potential, the second high potential 
(VDDH) is used as a high potential side substrate potential, 
and the second low potential (VSSH) is used as a low 
potential side substrate potential. This mode is used when 
ihe reverse bias stale is achieved in both p-channel type and 
n -channel lype MIS transistors included in the first logic 
gale, and the substrate bias is not applied to the MIS 
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transistors included in the second logic gale. According to 
the mode, while promoting the rcduciiou in subthreshold 
teak in the first logic gate, at leasi two lines for the power 
sources and the substrate bias can be reduced us compared 
with the first mode. 

[0024] As a third mode, as shown in FIG. 27, the first 
potential pair includes a first high potential (VDDL) and a 
first low potential (VSS), the second potential pair includes 
a second high potential (VDDH) higher than the rirst high 
potential and the first low potential (VSS), a potential (VBP) 
between the first and second high potentials us used as a high 
potential side substrate potential, and a potential (VBN) 
higher than the first low potential is used as a low potential 
side substrate potential. In the mode, the reverse substrate 
bias state is achieved only for the p-chanuel type MIS 
transistor included in the first logic gate, and the forward 
substrate bias is applied to the n-channel type MIS transistor 
included in the first logic gate and the n-channcl type and 
p-channel type MIS transistors included in the second logic 
gate. As described above, by paying attention to the point 
thai the gate width of the p-channel type MIS transistor is 
wider than that of the n-channel type MIS transistor in 
consideration of the driving capability or electron conduc- 
tivity, the reverse substrate bias is applied only to the 
p-channel type MIS transistor in the first logic gate intended 
for low power operation. While promoting reduction in the 
subthreshold leak in the first logic gate, at least one line for 
the power source and substrate bias can be reduced as 
eompared with the first mode. 

[1*025] 4. < Viewpoint of Power Source Lino 

[04)26] According to further another detailed mode of 
commonly using the substrate potentials, a semiconductor 
integrated circuit includes: a first logic gate ( I) connected to 
a first pair of a high potential line and a low potential line 
( VDDL and VSSL, VDDL and VSS); and a second logic 
gate (2) connected to a second pair of a high potential line 
and a low potential tine (VDDH and VSSH. VDDH and 
VSS) having a potential difference larger than that of the first 
potential line pair. A line of substrate potentials (VBP and 
VBN, VDDH and VSSH) tor supplying a substrate potential 
to an MIS transistor of the first logic gale and a substrate 
potential line for supplying a substrate potential to an MIS 
transistor of the second logic gate are commonly used, and 
at least the first logic gate includes an MIS transistor to 
which a substrate bias is applied in a reverse direction by the 
substrate potential. 

[0027] The specific modes of the first and second potential 
lines and the substrate potential line correspond to the first 
to third modes in 3. In the first mode, the first potential line 
pair includes a first high potential line (VDDL) and a first 
low potential line (VSSL). the second potential line pair 
includes a second high potential line (VDDH) having a 
potential higher than that of the first high potential line and 
a second low potential line (VSSH) having a potential lower 
than the firsl low potential line, and the substrate potential 
lines include a high potential side substrate potential tine 
(VBP) having a potential between the potential of ihe first 
high potential line and the potential of the second high 
potential line, and a low potential side substrate potential 
tine (VBN) having a |>otential between the potential of the 
first low potential line and the potential of the second low 
potential line. 



[002S] In the second mode, the first potential line pair 
includes a first high potential line (VDDL) and a first low 
potential line ( VSSL). the second potential line pair includes 
a second high potential line (VDDH) having a potential 
higher than that of the first high potential line and a second 
low potential line (VSSH) having a potential lower than that 
of the first low potential line, and the second high potential 
line (VDDH) is used as a high potential side substrate 
potential line, and the second low potential line (VSSH) is 
used as a low potential side substrate potential line. 

[0029] In the third mode, the first potential line pair 
includes a first high potential line ( VDDL) and a first low 
potential line (VSS), the second potential line pair is a 
second high potential line (VDDH) having a potential higher 
than that of the first high potential line and is the first low 
potential line ( VSS), and the substrate potential line Is a high 
potential side substrate potential line having a potential 
(VBP) between the potential of the first high potential line 
and the potential of the second high potential line, and is a 
low potential side substrate potential line having a potential 
(VBN) higher than the potential of the first low potential 
line. 

[0030] 5. < Viewpoint of Layout> 

[0031] The viewpoint of sharing the substrate potentials 
may be grasped from the viewpoint of layout of a semicon- 
ductor integrated circuit. A semiconductor integrated circuit 
has a circuit region in which a number of logic gates each 
haviQg an MIS transistor are arranged on a semiconductor 
substrate. The circuit region has well regions (NWELL. 
PWELL) shared by a substrate potential every conduction 
type of an MIS transistor. In the well regions, a first logic 
gate (I) using, as an operation power source, a first pair of 
potentials (VDDL and VSSL, VDDL and VSS) having a 
relatively small potential di tie re nee and a second logic gale 
(2) using, as an operation power source, a second pair of 
potentials (VDDH and VSSH. VDDH and VSS) having a 
relatively targe potential difference are formed. In the well 
regions, a p-type well region (PWELL) in which an n-chan- 
nel type MIS transistor is formed and an n-type well region 
(NWIZLL) in which a p-channel type MIS transistor is 
formed are adjacent to each other, and metal lines for 
supplying the first pair of potentials, the second pair of 
potentials, and a substrate potential are arranged on the well 
region. 

[0032] By the configuration as well, the actions similar to 
the above 1 can be obtained. A semiconductor integrated 
circuit without an overhead area, realizing improved oper- 
ating speed, reduced power consumption in an active mode, 
and reduced power consumption in a standby mode can be 
realized. 

[0033] 6. <Viewpoint of Signal Aniplitudo 

[0034] The potential difference of the operation power 
source can be grasped from the viewpoint of an output signal 
amplitude. From this viewpoint, a semiconductor integrated 
circuit includes: a first logic gate (1) for generating a 
relatively small output signal amplitude by using a firsl pair 
of potentials (VDDL and VSSL. VDDL and VSS) as an 
operation power source: and a second logic gate (2) for 
generating a relatively large output signal amplitude by 
iLsing a second pair of potentials (VDDH and VSSH. VDDH 
and VSS) as an operation power source. Substrate potentials 
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( VBP and VBN. VDDH and VSSH) of MIS transistors in the 
first logic gate and I hose of MIS transistors in the second 
logic gate are common lo each other. The actions of the 
configuration are also the same as those of 1. 

[0035] As a further specific mode, attention is paid to a 
clock synchronous signal path including the first and second 
logic gates. Specifically, the first logic gate includes a 
sequence circuit and a combinational circuit, the second 
logic gate includes a sequence circuit and a combinational 
circuit, a plurality of unit signal paths each leading from a 
sequence circuit to a sequence circuit at the next stage via 
one or a plurality of combinational circuits are provided, and 
the plurality of unit signal paths includes a unit signal path 
in which the first and second logic gates mixedly exist. 

[0036] In a unit signal path in which the first and second 
logic gales exist mixedly, the second logic gate is disposed 
on the upstream side of the first logic gate. By the configu- 
ration, a signal having a small signal amplitude is supplied 
to a circuit having a large output signal amplitude, and an 
output becomes at the intermediate level. Thus, a situation 
that a through current occurs can be easily checked. 

[0037] In order to increase the degree of freedom against 
the limitation, it is sufficient to use the sequence circuit (F81) 
adopting the clock synchronous level shifting function. 
Specifically, in a unit signal path in which the first and 
second logic gates exist mixedly, a sequence circuit includ- 
ing the second logic gate for receiving an output of a 
combinational circuit including the first logic gate has, at its 
input stage, a clock synchronous type level shifting circuit 
(20) for shifting the level of an input signal amplitude to the 
level of an output signal amplitude of the second logic gate 
synchronously with a clock signal. By performing a level 
shifting operation synchronously with the operation of the 
sequence circuit for latching an input signal synchronously 
with the clock signal, the signal propagation delay caused by 
the level shifting operation can be easily suppressed. 

[0038] The level shifting function is not limited to be 
synchronized with a clock. In a unit signal path in which the 
first and second logic gates exist mixedly, the second logic 
gate for receiving an output of the first logic gate is a level 
shifting circuit (G94) for shifting the level of an output 
signal amplitude of the first logic gate lo the level of an 
output signal amplitude of the second logic gate, and a 
second logic gate circuit may be connected to an output of 
the level shifting circuit in series. 

[0039] 7. <Designing Method> 

[0040] A method of designing a semiconductor integrated 
circuit by using a first logic gate and a second logic gate in 
which substrate potentials of MIS transistors of the same 
conduction type are equal to each other, includes: a first step 
of determining whether a signal propagation delay time of a 
signal path in a logic circuit designed by using the first logic 
gate using, as an operation power source, a first pair of 
potentials (VDDL and VSSL, VDDL and VSS) having a 
relatively small potential difference achieves a target lime or 
not: and a second step of replacing one or a plurality of first 
logic gates included in a signal path having a signal propa- 
gation delay time which does not achieve the target time in 
the first step with a second logic gate using, as an operation 
power source, a second pair of potentials (VDDH and 
VSSH, VDDH and VSS) having a relatively lame potential 



difference. By the designing, method, timing allowance 
necessary for a critical path can be easily allowed to be 
assured. As a result, the designing of the semiconductor 
integrated circuit without an overhead area, realizing 
improved operation speed, reduced power consumption in 
an active mode, and reduced power consumption in a 
standby mode is facilitated. 

[0041] When the required liming allowance cannot be 
obtained by one replacement operation, it is sufficient to 
include a third step for determining whether a signal propa- 
gation delay time of the signal path in which replacement is 
performed in the second step achieves the target time or not 
and, if it does not achieve the target time, replacing another 
first logic gate included in the signal path with a second logic 
gate. 

[0042] As a means for suppressing a situation that a signal 
having a small amplitude is supplied to a circuit having a 
large output signal amplitude, an output becomes at an 
intermediate level, and a through current occurs, in the 
second and third steps, the replacement with the second 
logic gate is performed from the upstream side of the signal 
path. Consequently, although the degree of freedom in the 
replacing position is low to a certain extent, the through 
current can be easily checked by the replacement rule. 

[0043] In order to increase the degree of freedom in 
designing against the limitation, it is sufficient to use the 
sequence circuit (F81) adopting the clock synchronous level 
shifting function. In the second and third steps, when the 
second logic gate as a sequence circuit is disposed at the next 
stage of a first logic gate, the second logic gate has., at its 
input stage, a clock synchronous type level shifting function 
for shifting the level of an input signal amplitude to the level 
of an output signal amplitude of the second logic gate 
synchronously with the clock signal. 

[0044] In order to increase the degree of freedom in 
designing against the limitation of using the sequence circuit 
with the clock synchronous level shifting function, in the 
second and third steps, when the second logic gate is 
disposed at the next stage of the first logic gate, it is 
sufficient to use the method of inserting a level shifting 
circuit (G94) for shifting the level of an output signal 
amplitude to the level of an output signal amplitude of the 
second logic gate in front of the second logic gate. 

[0045] 8. <Program Recording Medium> 

[0046] On a program recording medium (91), a program 
for supporting designing of a semiconductor integrated 
circuit using a first logic gate and a second logic gate in 
which a substrate potential of MIS transistors of the same 
conduction type are equal to each other is recorded so as to 
be read by a computer (90). The program executes: a first 
step of determining whether a signal propagation delay time 
of a signal path in a logic circuit designed by using the first 
logic gate using, as an operation power source, a first pair of 
potentials (VDDL and VSSL. VDDL and VSS) having a 
relatively small potential difference achieves a target time or 
not; and a second step of replacing one or a plurality of first 
logic gates included in a signal path having a signal propa- 
gation delay time which does not achieve the target time in 
the first step with a second logic gate using, as an operation 
power source, a second pair of potentials (VDDH and 
VSSH, VDDH and VSS) having a relatively large potential 
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difference. By reading the program from ihe recording 
medium and executing it by the computer, the designing iff 
a logic circuit by the designing method is facilitated. 

[0047] When the case where predetermined timing allow- 
ance cannot be obtained by one replacing operation is 
considered in advance, the program can further execute a 
third step for determining whether a signal propagation 
delay time of the signal path in which replacement is 
performed in the second step achieves the target time or not 
and, if it does not achieve the target time, replacing another 
first logic gate included in the signal path with a second Ionic 
gate. 

[0048] 9. <Design Data Recording Medium> 

[0049] On a design data recording medium (91). design 
data for designing an integrated circuit to be formed on a 
semiconductor chip by using a computer is recorded so as to 
be read by the computer. The design data includes: first mask 
pattern data for determining a figure pattern for forming a 
first logic gate to which an operation power source is 
supplied from a first pair of potential lines (VDDL and 
VSSL, VDDL and VSS) having a relatively small potential 
difference and a substrate potential is supplied from a 
substrate potential line on the semiconductor chip; and 
second mask pattern data for determining a figure pattern for 
forming a second logic gate to which an operation power 
source is supplied from a second pair of potential lines 
(VDDH and VSSH, VDDH and VSS) having a relatively 
large potential difference and a substrate potential is sup- 
plied from a substrate potential line on the semiconductor 
chip. The design data recorded on the design data recording 
medium is, for example, verified mask pattern data for 
forming what is called a hardware IP module. By using the 
data for designing a layout by a computer, the designing of 
the semiconductor integrated circuit from the viewpoint of 
sharing the substrate potentials can be extremely facilitated. 

[0050] The design data may be data described in a hard- 
ware description language such as what is called a software 
IP module. Specifically, design data recorded on a design 
data recording medium (91) so as to be read by a computer 
includes: first function description data for determining a 
function of a first logic gate to which an operation power 
source is supplied from a first pair of potential lines (VDDL 
and VSSL, VDDL and VSS) having a relatively small 
potential difference and a substrate potential is supplied 
from a substrate potential line; and second function descrip- 
tion data for determining a function of a second logic gate 
to which an operation power source is supplied from a 
second pair of potential lines (VDDH and VSSH. VDDH 
and VSS) having a relatively large potential difference and 
a substrate potential is supplied from a substrate potential 
line connected to the substrate potential line. The function 
description data does not specify a circuit pattern unlike 
mask pattern data. Instead, the degree of freedom in a layout 
pattern is relatively high and a function change is relatively 
easily made. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] FIG. 1 is a circuit diagram showing an example of 
first and second logic gates of a semiconductor integrated 
circuit according to the invention. 

[0052] FIG. 2 is a diagram for explaining the relation of 
potentials shown in FIG. I. 



[0053] FIG. 3 is a characteristic diagram showing increase 
in threshold voltage by application of a substrate bias 
voltage in an nMOS transistor. 

[0054] FIG. 4 is a characteristic diagram showing reduc- 
tion in leak current by increase in threshold voltage in an 
nMOS transistor. 

[0055] FIG. 5 is a logic circuit diagram showing an 
example of the configuration of signal paths in a semicon- 
ductor integrated circuit using a high-speed cell and a 
low -power cell. 

[0056] FIG. 6 is a logic circuit. diagram showing another 
example of the configuration of signal paths in a semicon- 
ductor integrated circuit using a high-speed cell and a 
low-power cell. 

[0057] FIGS. 7 A and 7B are waveform charts showing an 
example of operating waveforms of a critical path and a 
non-critical path in FIG. 6. 

[0058] FIG. 8 is a Howe hart showing an example of a 
method of designing a semiconductor integrated circuit 
using a lower-power cell and a high -speed ce-ll. 

[0059] FTGS. 9A and 9B are diagrams showing a distri- 
bution of path delay in the case where only lower-power 
cells are used and a distribution of path delay in the case 
where a high-speed cell is used for the critical path. 

[0060] FIGS. 10A to 10C are diagrams for explaining the 
details of a replacing process described in FIG. 8. 

[0061] FIG. 11 is a logic circuit diagram showing an 
example of another unit signal path in which a high-speed 
cell and a low-power cell mixedly exist. 

[0062] FIG. 12 is a circuit diagram showing an example 
of a flip flow with a level shifting function used for replace- 
ment. 

[0063] FIG. 13 is an operation waveform chart of the flip 
Hop with the level shifting function shown in FIG. 12. 

[0064] FIG. 14 is a flowchart showing another example of 
a method of designing a semiconductor integrated circuit 
using a low-power cell and a high-speed cell. 

[0065] FIGS. 15 A to 15 D are explanatory diagrams show- 
ing the details of the replacing process described in FIG. 14. 

[0066] FIG. 16 is a circuit diagram showing an example 
of a level shifter which can be used for replacement with a 
high-speed cell. 

[0067] FIG. 17 shows a schematic layout pattern as an 
example of layout of a part of the semiconductor integrated 
circuit according to the invention. 

[0068] FIG. 18 shows a layout pattern as a comparative 
example of FIG. 17. according to a technique in which a 
substrate potential is not commonly used. 

[0069] FIGS. 19A and 19B show schematic layout pat- 
terns of power source interconnections in a cell. 

[0070] FIGS. 20A and 20B show a layout pattern of an 
example of a high-speed cell having the inverter logic 
described in FIG. I. 
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[0071] FIGS. 21A and 2 IB show a layout pattern of an 
example of a low- power cell having the inverter logic 
described in FIG. i. 

[0072] FIG. 22 is a block diagram mainly showing a 
power source system ot" a semiconductor integrated circuit to 
which the invention is applied. 

[0073] FIG. 23 is a block diagram mainly showing a 
power source system of another semiconductor integrated 
circuit to which the invention is applied. 

[0074] FIG. 24 is a block diagram of a microprocessor as 
an example of a semiconductor integrated circuit device to 
which the invention is applied. 

[0075] FIG. 25 is a circuit diagram showing another 
example of a first logic gate and a second logic gale of a 
semiconductor integrated circuit according to the invention. 

[0076] FIG. 26 is a diagram for explaining the relation of 
potentials in FIG. 15. 

[0077] FIG. 27 is a circuit diagram showing further 
another example of the first and second logic gates of the 
semiconductor integrated circuit according to the invention. 

[0078] FIG. 28 Is a diagram tor explaining the relation of 
potentials in FIG. 27. 

[0079] FIG. 29 is a circuit diagram showing a level shifter 
which can be inserted at the time of replacement with a 
high-speed cell in the power source configuration of FIG. 
27. 

[0080] FIG. 30 is a block diagram showing an example of 
a computer such as an engineering workstation used for 
designing a semiconductor integrated circuit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0081] <Sharing of Substrate Poieutial> 

[0082] FIG. 1 shows an example of a first logic gate and 
a second logic gate of a semiconductor integrated circuit 
according to the invention. Shown in FIG. 1 is a first logic 
gate 1 and a second logic gate 2 each forming a CMOS 
inverter as a typical example. 

[0083] In FIG. 1. MP0 and MPl denote p-chaooel MOS 
traasistors (hereinbetow, simply called pMOS transistors) 
and MN0 and MN1 express n-channel MOS transistors 
(hereinbelow. simply called nMOS traasistors). Shown in 
the diagram are a first power source potential VDDLon a 
high potential side, a second power source potential VDDI1 
on a high potential side, a first ground potential VSSL on a 
low potential side, and a second ground potential VSSH on 
a low potential side. VBP denotes a substrate potential of the 
pMOS traasistors MP0 and MPl. and VBN indicates a 
substrate potential of the nMOS transistors MNO and MN1. 
The relations of the potentials are set so that, as shown in 
FIG. 2, the order of the potentials from the highest to lowest 
is VDDH, VDDL, VSSL, and VSSH. The substrate potential 
VBP is set within a range higher than the power source 
potential VDDL, and the substrate potential VBN is set 
within a range lower than the ground potential VSSL. The 
potentials VDDL and VSSL make a first pair of potentials. 
The potentials VDDH and VSSH make a second pair of 
potentials. 



[0084] In the second logic gate 2 shown in FIG. I, the 
source electrode of the pMOS transistor MPO as a compo- 
nent of the CMOS inverter is connected to the source 
potential VDDH, and the source electrode of the nMOS 
transistor MNO is connected to the ground potential VSSH. 
so that an output amplitude of the second logic gate 2 
becomes VDDH-VSSH. On the other hand, in the first logic 
gate I in FIG. I. the source electrode of the pMOS iraasistor 
MPl as a component of the CMOS inverter is connected to 
the power source potential VDDL, and the source electrode 
of the nMOS transistor MN1 is connected to the ground 
potential VSSL, so that an output amplitude of the first logic 
gate I becomes VDDL- VSSL. From the configuration of 
FIG. 1. it is understood that the output amplitude of the 
second logic gate 2 is larger than that of the first logic gate 
I. Geaerally, a circuit having a large voltage amplitude 
operates at higher speed than a circuit having a small voltage 
amplitude since a drain -source -voltage or a gate -source 
voltage of an MOS transistor is higher, and the driving force 
of the MOS transistor increases. It can be therefore said that 
the CMOS inverter of the second logic gate 2 operates at 
higher speed than the CMOS inverter of the first logic gate 
I. On the other hand, when attention is paid to power 
consumption of a circuit, since the power consumption in 
logic operation is proportional to the square of the voltage 
amplitude, it can be said that the CMOS inverter of the first 
logic gate I consumes less power. 

[0085] In FIG. l f the substrate potential of the MOS 
transistors are commonly used by the first and second logic 
gates 1 and 2. Specifically, in the first and second logic gates 
t and 2, the substrate electrodes of the PMOS transistors 
MPO and MPl are commonly connected to the substrate 
potential VBP, and the substrate electrodes of the nMOS 
transistors MNO and MNl are commonly connected to the 
substrate potential VBN. Consequently, the first and second 
logic gates 1 and 2 can be formed on a common substrate 
(well region), so thai the isolating region in the substrate as 
required in the technique of the second literature is unnec- 
essary. Thus, the degree of freedom in layout of the semi- 
conductor integrated circuit in which the first and second 
logic gates having different operating power sources arc 
formed can be increased, and the chip area of the semicon- 
ductor integrated circuit can be reduced. 

[0086] The point of realizing both high-speed operation 
and low-power operation (low subthreshold leak operation) 
of a circuit by properly setting the substrate potentials VBP 
and VBN will now be described. 

[0087] It is generally known that by setting the substrate 
potential of a MOS transistor to be a potential different from 
the source potential (which is called substrate biasing), the 
threshold voltage of the MOS transistor changes. For 
example, as shown in FIG. 3. by setting the substrate 
potential of the nMOS transistor to be lower than the source 
potential (reverse -biasing), the threshold voltage increases 
as compared with the case where no bias is applied, and by- 
setting the substrate potential to be higher than the source 
poicaiial (forward biasing), the threshold voltage decreases 
as compared with the case where no bias is applied. It is now 
assumed that the potential of the substrate bias voltage VBN 
lies between the ground potentials VSSL and VSSH. In this 
case, a forward bias of VBN- VSSH is applied to Ihe oMOS 
transistor MNO in FIG. 1. and a reverse bias of VSSL- VBN 
is applied to the nMOS transistor MNl in FIG. 1. It is 
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understood from FIG. 3 that the threshold voltages at this 
time arc VthnO and Vthal which have the relation of 
Vthn0<Vthnl. The threshold voltage exerts a strong influ- 
ence on the operation speed of a circuit. When a MOS 
transistor of a lower threshold voltage is used, higher 
operation speed can be achieved. Consequently, it can be 
said that the operation speed of the second logic gale 2 in 
FIG. 1 is higher than that of the first logic gate I also from 
this point of view. 

[0088] The relation between the threshold voltage of a 
MOS transistor and a leak current (off will be examined. 
Usually, even when a MOS transistor is in a non-conducting 
state, a subthreshold leak current exists. The subthreshold 
leak current has characteristics that it strongly depends on 
the threshold voltage of a MOS transistor and increases as 
the threshold voltage decreases. FIG. 4 schematically shows 
the relation between the threshold voltage of a MOS tran- 
sistor and the leak current loff. It is understood that in the 
nMOS transistors MN0 and MNl having the relation of 
VthnO<Vthnl, leak currents 10 and 11 exist, respectively, and 
10 is larger than 11. Therefore, from the viewpoint of the leak 
current as well, it can be said that the first logic gate I in 
FIG. 1 consumes less power than the second logic gate 2. 

[0089] The substrate bias potential VBN is now set so as 
to be close to the ground potential VSSL. The forward bias 
applied to the nMOS transistor MN0 becomes higher and the 
threshold voltage further decreases, so that the operating 
speed of the second logic gate 2 in FIG. 1 becomes higher. 
The reverse bias applied to the nMOS transistor MNl 
becomes lower and the threshold voltage decreases, so that 
the first logic gate 1 in FIG. 1 also operates at higher speed. 
In this case, however, since the threshold voltage of the 
MOS transistors in the semiconductor integrated circuit 
decreases as a whole, a leak current increases. The substrate 
bias potential VBN cannot be freely increased but has to be 
increased within a range where latch-up and junction leak of 
a parasitic diode do not occur in the second lo^ic irate 2 in 
FIG. 1. 

[0090] The case of setting the substrate bias potential 
VBN close to the ground potential VSSH will now be 
examined. 'Hie forward bias to the nMOS transistor MN0 
becomes lower and the reverse bias to the nMOS transistor 
MNl becomes higher. This means that both of.' the threshold 
voltages of the nMOS transistors MN0 and MNl become 
higher, so that the leak current decreases but the speed of the 
circuit deteriorates a little. 

[0091] It is therefore suitable to set the substrate potential 
VBN in consideration of both operation speed necessary for 
a semiconductor integrated circuit which is being designed 
and power consumption. 

[0092] In the description using FIGS. 3 and 4, attention is 
paid only to an nMOS transistor for simplicity. A similar 
idea can be also applied to a pMOS transistor. Briefly, in the 
case of a pMOS transistor, it is sufficient to determine the 
substrate potential on the basis of the fact that by setting the 
substrate potential to be higher than a source potential 
(reverse biasing), the threshold voltage increases as com- 
pared with the case where no bias is applied and. by setting 
the substrate potential to be lower than the source potential 
(forward biasing), the threshold voltage decreases as com- 
pared with the case where no bias is applied. When the 
potential of the substrate bias voltage VBP lies between the 



power source potentials VDDL and VDDH. the forward bias 
of VDDH- VBP is appLied to the pMOS transistor MP0 in 
FIG. 1. and the reverse bias of VBP- VDDL is applied to the 
pMOS transistor MP1 in FIG. 1. The threshold voltages 
VthpO and Vthpl of the pMOS transistors MP0 and MP1 
come to have the relation of Vihp0< Vthpl. With respect to 
the substrate bias voltage of the pMOS transistor as well, the 
second logic gate 2 operates at higher speed as compared 
with the first logic gale I, and the first logic gate I operates 
with lower power as compared with the second logic gate 2. 
As described above, it is sufficient to set the substrate 
potential VBP in consideration of both the operation speed 
necessary for a semiconductor integrated circuit being 
designed and power consumption. 

[0093] For simplicity, the inverter is used as an example of 
the logic circuit in FIG. 1. The invention is not limited to the 
example but a combinational circuit such as a NAND gate 
or a NOR gate, or a sequence circuit such as a flip flop may 
be used. For convenience, in the following description, the 
second logic gate using, as an operation power source, a pair 
of relatively large potentials typified by the second logic gate 
2 in FIG. 1 will be also called a high-speed cell, and the first 
logic gate using, as an operation power source, a pair of 
relatively small potentials typified by the first logic gate 1 
will be also called a low-power cell. 

[0094] FIG. 5 shows an example of the configuration of 
signal paths in a semiconductor integrated circuit using 
high-speed cells and low-power cells. 

[0095] Shown in the diagram a clock signal CK, Hip flops 
F30 and F31 serving as high-speed cells, flip Hops F32 and 
F33 serving as low-power cells, a NAND gate G35 regarded 
as a high-speed cell by G30, and a NAND gate G38 regarded 
as a low-power cell by G36. In FIG. 5, for simplicity^ all of 
the logic gates G30 to G38 are expressed as NAND gates. 
The semiconductor integrated circuit device of the invention 
is not limited to the arrangement but can be applied to a logic 
gate having a proper logic. Signals unnecessary tor the 
description are not shown in the diagram. As shown in FIG. 
5, a signal path extending from a sequence circuit to a 
sequence circuit at the next stage via one or a plurality of 
combinational circuits, such as a signal path from the flip 
flop F30 to the flip flop F31 and a signal path from the flip 
Mop F32 to the flip flop F33 will be called a unit signal path. 

[0096] It is now assumed that the circuit shown as an 
example in FIG. 5 is to be operated at a speed of 250 MHz. 
For this purpose, each of the lime required for the clock 
signal CK supplied to the flip Hop F30 to propagate to the 
Hip Hop F31 and the time required for the clock CK supplied 
to the Hip flop F32 to propagate to the Hip flop F33 has to 
he 4 ns or less. It is now assumed that a delay time of the Hip 
Hop of a high-speed cell type is 1 ns, that of the NAND gate 
of a high-speed cell type is 0.5 ns. that of the flip Hop of a 
low-power cell type is 1.0 ns, and that of the NAND gate of 
a low-power cell type is 0.8 ns. On the above assumption, 
the delay time was calculated. Each of the delay time in 
propagation of the signal to F33 since the supply of the clock 
CK to F30 in the critical path (A) in FIG. 5 and that in 
propagation of the signal lo F3 1 since the supply of the clock 
CK to F33 is 4 ns. It is understood that the target is attained. 
If all of the cells in the critical path (A) of FIG. 5 are 
replaced by low-power cells, the delay time becomes 6.4 ns 
and the target cannot be achieved. In short, the example of 
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FIG. 5 indicates that there is a case such thai a logic gale of 
a high-speed cell lype and a logic gale of a low-power cell 
type have to be selectively used in accordance with delay 
time in signal propagation in a unit signal paih in a semi- 
conductor integrated circuit. 

[0097] FIG. 6 shows another example of signal paths in a 
semiconductor integrated circuit using ihe high-speed cells 
and the low-power cells. Shown in the diagram a clock 
signal CK, flip Mops F40 and F41 of a high-speed cell type, 
a flip flop F42 of a low-power cell type, NAND gates G40 
to G45 of a high-speed cell type, and NAND gates G46 and 
G47 of a low-power cell type. Reference characters (a) to (i) 
denote nodes. In a manner similar to the case of FIG. 5, the 
cells are not limited to NAND gates, and signals not related 
to ihe description are not shown in the diagram. The circuit 
of FIG. 6 starts from the flip flop F40. is branched at the 
node (c) into two. and ends at the flip Hops F41 and F42. 

[0098] FIGS. 7A and 7B show operation waveforms of 
the critical path and the non-critical path in FIG. 6. FIG. 7A 
shows a waveform chart of a critical path (a) starting from 
F40 and ending at F41, and FIG. 7B shows a waveform 
chart of the non-critical path (b) starting from F40 and 
ending at F42. It is understood from FIG. 7 A that all of the 
nodes (a) to (g) operate with an amplitude VDDH-VSSH, 
and propagation time is Tmax. It is understood from FIG. 
7B that each of the nodes (a) to (c) operates with an 
amplitude VDDH-VSSH. In Ihe nodes (h) and (i), the 
amplitude decreases to VDDL-VSSL and delay time per 
NAND gate increases. However, the delay time of the whole 
path is shorter than Tmax. Since the voltage amplitude is as 
large as VDDH-VSSH in each of the nodes (a) to (g), the 
power consumption is high. In the nodes (h) and (i), how- 
ever, since the amplitude is as small as VDDL-VSSL.. power 
consumption can be suppressed. Further, the circuit of F42, 
G46, and G47 has a leak current smaller as compared with 
the circuit including F40. F41. and G40 to G45. 

[0099] <Designing Meihod> 

[0100] A method of designing a semiconductor integrated 
circuit to which the invention is applied will be described 
with reference to FIGS. 8 and 9. 

[0101] In FIG. 8, step 10 relates to logic description. The 
functions of a semiconductor integrated circuit to be 
designed are described by using a high -order logic descrip- 
tion language such as VHDL (Very high speed integrated 
circuit Hardware Description Language). First, by using the 
logic description 10 and a cell library 17, logic conversion 
lo a gate level using only low-power cells is performed (step 
1.1). At this stage, logic optimization to a certain extent is 
performed. In step 12. delay of each signal path is calcu- 
lated. As a result, frequency distribution shown in FIG. 9A 
is obtained. The distribution is obtained by calculating delay 
of all signal paths existing in a semiconductor integrated 
circuit. The lateral axis expresses path delay and the vertical 
axis denotes frequency. Subsequently, instep 13. whether 
target cycle time is achieved or not is determined. If the 
target is achieved, the program advances to a layout process 
in step 15. In the example, however, as understood from 
FIG. 9A, paths having delays slightly longer than the target 
delay exist. In step 14, a process of replacing the head cell 
of a path having a delay longer than the target delay (critical 
path) with a high-speed cell having the same logic is 
performed. After that, the delay calculation is executed again 



in step 12. The loop of steps 12. 13. and 14 is performed until 
there is no path having a delay longer than the target delay 
anil the state of FIG. 9B is obtained. After all of the paths 
achieve the target delay, the program advances to step 15 of 
a layout process. After all of the logic gates are disposed and 
interconnected, the delay calculation (step 12) is executed 
again by using information of an interconnection load. If the 
slate of FIG. 9A is resulted again, the loop o I steps 12, 13, 
and 14 is repeated until the state of FIG. 9B is obtained, and 
the process is finished (16). By the designing method, 
finally, the delays of all of signal paths become within the. 
target cycle time. 

[0102] The processes described by referring to FIGS. 8 
and 9 will be described more specifically by using FIGS. 
10A to 10C. FIG. 10A is a schematic diagram expressing a 
signal path formed by using only low-power cells. It is 
assumed that circuits shown in FIGS. 10A to 10C have 
delay characteristics similar to those shown in FIG. 6. Time 
between the instance when the clock CK is supplied to the 
flip flop F70 and the instance when the signal propagates to 
the input terminal of the flip flop F71 is calculated as 5.6 ns. 
Assuming now that the target cycle time is 4 ns. the delay of 
the circuit is longer than the target. Consequently, the 
process in step 14 in FIG. 8 is performed. First, the flip flop 
F70 as the head cell of the unit signal path is replaced by a 
high-speed cell having the same logic. The state after 
replacement is shown in FIG. 10B. The delay of the circuit 
is calculated as 5 ns which is still longer than 4 ns as a target. 
The second cell G70 in the unit signal path is therefore 
replaced with a high-speed cell. After that, delay calculation 
is executed. Since the result does not achieve the target, the 
cell G71 is replaced by a high-speed cell. The loop is 
repeated, and a state after replacing the cells F70 and G70 
to G73 with high-speed cells is shown in FIG. 10C. The 
delay of the circuit is calculated as 3.S ns which is shorter 
than the target cycle time. The cell replacement is~ therefore 
completed. 

[0103] By the designing method, a liming allowance nec- 
essary for a critical path can be easily assured. As a result, 
it becomes easy to design a semiconductor integrated circuit 
without an overhead area, realizing increased operating 
speed, reduced power consumption in an active mode, and 
reduced power consumption in a standby mode. As means 
for preventing a situation that a signal having a small 
amplitude is supplied to a circuit of which output signal has 
a large amplitude., and an output of the circuit becomes an 
intermediale level, thereby generating a through current, 
cells in a critical path are replaced with high-speed cells 
from the head cell as shown in step 14 in FIG. 8. Although 
the degree of freedom in the replacement position is regu- 
lated to a certain extent, generation of the through current 
can be relatively easily prevented by the replacement rule. 

[0104] FIG. 11 shows an example of another unit signal 
path in which high-speed cells and low-power cells mixedly 
exist. In the example of FIG. II, a signal path is branched 
into three paths at a node (c). The three paths are a path 
leading to a Hip Hop F81, a path leading to a Hip Hop F82. 
and a path leading to a Hip flop F83. Signal amplitudes at 
nodes (e), (f), (g), and (h) will be described. At the node (e). 
an output of a low-power cell G83 appears, so that an 
amplitude is VDDL-VSSL. At the node (g), an output of a 
low-power cell F82 appears, so that an amplitude is VDDL- 
VSSL. At the node (h), an output of a high-speed cell F83 
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appears, so thai an amplitude is VDDH-VSSH. A circuit 
configuration used tor the Hip flop F81 has to be considered. 
When it is assumed that a low-power cell is used as FN I. the 
amplitude at the node (f) becomes VDDL-VSSL. Since a 
cell GS4 connected at the next stage is a high -speed cell, 
when the amplitude at the node (0 is VDDL-VSSL. a 
through current is generated in the cell G84. When a 
high-speed cell is used as F81. since the amplitude at the 
output node (e) ot : the cell GS3 at the front stage is 
VDDL-VSSL. a through current is generated in the cell F81. 
As one of measures for solving the problem, as the cell FKl, 
a Hip flop with a level shifting function is used. The Hip Hop 
with the level shifting function has. at its input stage, a 
clock -synchronous type level shifting circuit for shifting an 
amplitude of an input signal to an amplitude of an output 
signal of a high-speed cell synchronously with a clock 
signal. FIG. 11 shows an example where the flip Hop with 
the level shifting function is used as F81. In. such a manner, 
even when the amplitude at the node (e) is VDDL-VSSL. the 
amplitude at the node (f) can be set to VDDH-VSSH. and thc 
problem of the through current does not occur. 

[0105] FIG. 12 shows an example of the Hip Hop with the 
level shifting function. FIG. 13 shows operation waveforms 
of the flip flop with the level shifting function shown in FIG. 
12. The fJip Hop with the level shitting function shown in 
FIG. 12 is constructed by a level shifter 20 at the first stage 
and a latch 21 at the post stage. The level shifter 20 has a 
CMOS static latch including nMOS transistors MN10 and 
MN11 and pMOS transistors MP 10 and MPU. two p-chan- 
nel type preset MOS transistors MP12 and MP13, n-channel 
type differential input MOS transistors MN14 and MN15. an 
n -channel type power switch MOS transistor MN16, an 
inverter INV r and an n-channel type MOS transistor MN17 
which is always in an ON state and has a relatively small 
mutual conductance. The latch 21 is constructed by NAND 
gates NANDO and NANDl each of which has an input 
terminal coupled to an output terminal of the other. Since an 
input signal D has an output amplitude of a low-power cell, 
to make the input amplitudes of the ditferenlial input MOS 
transistors the same, an inverter 22 operates on the operation 
power sources VDDL and VSSL similar to that of a low- 
power cell. The MOS transistor MN 17 is used to prevent that 
the drains of the MOS transistors MN14 and MN15 enter a 
floating state and their retained values are undesirably 
inverted, and is necessary to make the level shifter 20 
statically operate. 

[0106] When the input terminals Nl andN2ofthe latch 21 
are at the "H (high)" level, the output terminal Q maintains 
the output status corresponding to the immediately preced- 
ing input status. In the level shifter 20, the preset MOS 
transistors MPU and MP 13 preset the nodes Nl and N2 to 
the TT T level during the period in which the clock CK is at 
the low level. In response to the high level period of the 
clock signal CK. the level shifter 20 can perform level 
shifting operation. Specifically, according to differential 
inputs based on the logic value of the input signal D, the 
static latch circuit performs latching operation, and the latch 
21 performs the latching operation in accordance with the 
data latched by the nodes Nl and N2. In the period in which 
the clock signal CK is at the low level, the nodes Nl and N2 
are preset to '*H", and the latch 21 maintains the output Q as 
it is. When the cluck CK goes high, the input signal D having 
the amplitude of VDDL-VSSL is amplified to a signal 
having the amplitude of VDDH-VSSH. The ampiilied signal 



is stored in the latch in which NANDO and NANDl are 
cross-coupled. Only the inverter INV for receiving the input 
signal D operates on the operation power sources VDDL and 
VSSL. The other components operate on the operation 
power sources VDDH and VSSH. 

[0107] When the flip flop LSI with the level shifting 
function is used, an exception to the rule such that the cells 
are replaced with high -speed cells from the upstream side of 
the unit signal path can be allowed. The degree of freedom 
in designing of the semiconductor integrated circuit can be 
improved to a certain extent. 

[0108] Referring to FIGS. 14 and 15, another method of 
designing a semiconductor integrated circuit to which the 
invention is applied will be described. FIGS. 14 and 15 
show design flows of the designing method in which a 
clock -synchronous flip flop with the level shifting function 
is used and. moreover, insertion of a level shifter in some 
midpoint of the unit signal path is allowed. To be specific, 
the design flow relates to a case such that when a cell in a 
critical path is replaced by a high-speed cell and the front 
stage of the high-speed cell is a low-power cell, it means that 
a signal having a relatively small amplitude (VDDL, VSSL) 
is supplied to a circuit having a relative lv large amplitude 
(VDDH. VSSH), so that the level shifter is additionally 
inserted. The designing method of FIG. 14 is different from 
that of FIG. H with respect to the following point. In place 
of the process of step 14 in FIG. 8, after step 13 of 
determination of whether the target cycle time is achieved or 
not. for a path having a delay longer than the target delay, 
one of the cells in the critical path is replaced by a high- 
speed cell having the same logic (step 14A). When the front 
stage of the replaced high-speed cell is a low-speed cell, a 
level shifter is added at the front stage of the replaced 
high-speed cell (step I4B). 

[0109] The processes in FIG. 14 will be described more 
specifically hy using FIGS. ISA to 15D. FIG. 15A is a 
schematic diagram showing a signal path constructed by 
using only low-power cells. NAND gates G90 to G92 and 
flip Hops F90 and F91 shown in FIG. 15A have delay 
characteristics similar to those shown in FIG. 6. In FIG. 
15 A. an inverter G93 and a level shifter G94 are also shown. 
U is assumed that the delay time of the inverter G93 in the 
case of a low-power cell is 0.4 ns. and that in the case of a 
high-speed cell is 0.2 us. The level shifter G94 is a circuit for 
converting a signal having a small amplitude to a signal 
having a large amplitude, and its delay time is assumed as 
0.4 ns. As shown in FIG. 15B, for example, when the 
NAND gate G91 is replaced by a high-speed cell, it becomes 
necessary to insert the level shifter G94 between the NAND 
gates G90 and G9L As shown in FIG. L5C, the delay time 
after inserting the level shifter G94 is 4.5 ns. The cell 
replacement operation is further performed and, finally, as 
shown in FIG. 15D. the delay time is set to 4.0 ns. 

[0110] FIG. 16 shows an example of the level shifter G94. 
An inverter constructed by the pMOS transistor MP20 and 
the nMOS transistor MN20 operates on VDDL and VSSL as 
the operation power source and inverts an input signal IN0. 
The input signal 1N0 has a small amplitude of VDDL-VSSL. 
A circuit constructed by the pMOS transistors MP21 to 
MP24 and the nMOS transistors MN21 to MN22 operates 
on VDDH and VSSH as the operation power source, 
receives the input signal INO and an inversion signal of the 
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input signal INO, shifts the level of the high potential side of 
the signal amplitude from VDDL to VDDH. A circuit 
constructed by the pMOS transistor MP25 and MP26 and 
nMOS transistors nMOS transistors MN23 to MN26 oper- 
ates on V'DDH and VSSH as the operation [rawer source, 
receives a complementary output signal having an amplitude 
of VSSL-VDDH from the preceding component, and shifts 
the level of the low potential side of the amplitude of the 
received signal from VSSL to VSSH. At a common drain 
electrode of the pMOS transistor MP25 and the nMOS 
transistor MN23, a signal OUT0 of which amplitude is 
level-shifted to VDDL- VDDH is obtained. 

[OLil] <Layoul> 

[0112] FIG. 17 schematically shows an example of layout 
of a part of the semiconductor integrated circuit according to 
the invention. In the diagram, reference numeral 30 denotes 
a main power source line of VBP, VDDH, VDDL, VSSL, 
VSSH. and VBN. I indicates low-power cells, and 2 
expresses high-speed cells. In representative two cells in the 
low-power cells 1, the character "F" is written to show the 
direction of the cells. The directions of neighboring cells in 
the vertical direction of the drawing are different from each 
other. Although interconnections of the cells are not shown 
for simplicity of the drawing, a contact point between each 
of the power lines in the main power line 30 and a not-shown 
power line between cells is indicated by reference numeral 
31. As already described in FIG. I, in the high-speed cell 2 
and the low-power cell I according to the invention, ihe 
substrate potential of the pMOS transistor and the nMOS 
transistor is commonly used. Consequently, it is possible to 
lay out the high-speed cells 2 and the low-power cells 1 so 
as to mixedly exist in common n-lype and p-typc well 
regions like tiles. In the case of applying the technique of the 
second literature in which the substrate potential is not 
commonly used, as shown in a comparative example of 
FIG. 18, a substrate isolating region for electrically isolating 
well regions even of the same conduction type has to be 
provided between a cell forming region (VDDHrow) for a 
high-speed logic circuit using a pair of power sources 
VDDH and VSS having a large potential difference as an 
operation power source and a cell forming region (VDUL- 
row) for forming a low-power logic circuit using a pair of 
power sources VDDL and VSS having a small potential 
difference as an operation power source. In the case of the 
present invention shown in FIG. 17. it is unnecessary to 
provide the substrate isolating region. A desired logic circuit 
can be laid out by using a small area. In the case of the 
comparative example of FIG. 18, although not particularly 
shown, when cells which do not share the substrate potential 
are arranged in the same row, the well region has to be 
divided into small regions for cells of different substrate 
potentials to assure the isolation regions. 

[0113] FIGS. 19A and 19B schematically show power 
lines in a cell. FIG. 19A shows an example of a conven- 
tional cell layout having a pair of a power line interconnec- 
tion and a ground line in a cell. Shown in FIG. 19A are a 
metal line 40 for transmitting the substrate potential VBP of 
a pMOS transistor, a metal line 41 for transmitting the power 
source potential VDD, a metal line 42 for transmitting the 
power source potential VSS, and a metal line 43 for trans- 
mitting the substrate potential VBN of an nMOS transistor. 
FIG. 19B shows an example of a layout of a cell such as a 
high-speed cell or low-power cell according to the inven- 



tion. Shown in FIG. 19B are a metal line 44 tor transmitting 
the substrate potential VBP of a pMOS transistor, a metal 
line 45 for transmitting a power source potential VDDH, a 
metal line 46 for transmitting the power source potential 
VDDL. a metal line 47 for transmitting the power source 
potential VSSL, a metal line 48 for transmitting the power 
source potential VSSH. and a metal line 49 for transmitting 
the substrate potential VBN of the nMOS transistor. In the 
case of a high-speed cell, the source of a MOS transistor is 
connected to the me la I liens 45 and 48. In the case of a 
low-power cell, the source of a MOS transistor is connected 
to the metal lines 46 and 47. By using a layout in which a 
plurality of power lines are arranged in a single cell as 
described above, the layout in which high-speed cells and 
low- power cells mixedly exist as shown in FIG. 17 is 
simplified. With respect to the width of the power line 41 in 
the conventional example of FIG. 19 A and that of the power 
lines 45 and 46 in the layout according to the invention of 
FIG. 19B, since the invention provides the function of 
decreasing the power consumption of a circuit as described 
above, it is unnecessary to make the total of the widths of the 
power lines 45 and 46 wider than the width of the power line 
41. Therefore, the cell size according to the layout of the 
invention does not become larger than that according to the 
conventional layout. 

[0 1 L4] FIGS, 20A and 20B show an example of the layout 
of the high-speed cell 2 having the inverter logic described 
in FIG. I. FIG. 20A is a plan view and FIG. 20B is a cross 
sectional view taken along the line A-B of FIG. 20A. Shown 
in FIGS. 20A and 20B are the metal line 44 for transmitting 
the substrate potential VBP of a pMOS transistor, the metal 
line 45 for transmitting the power source potential VDDH. 
the metal line 46 for transmitting the power source potential 
VDDL, the metal line 47 for transmitting the power source 
potential VDDL, the metal line 48 for transmitting the 
source potential VSSL, and the metal line 49 for transmitting 
the substrate potential VBN of an nMOS transistor. Also 
illustrated are a diffusion layer 52 of the pMOS transistor, a 
diffusion layer 53 of the nMOS transistor, a gate electrode 54 
of a MOS transistor made of polysilicon. a through hole 50 
for connecting the metal line 44 and an n-lype well region 
NWELL, a through hole 51 for connecting the metal line 49 
and a p-type well region PWELL, a through hole 56 for 
connecting the metal line 45 and the diffusion layer 52, a 
through hole 57 for connecting the metal line 49 and the 
diffusion layer 53, an input electrode 59 of an inverter 
circuit, and an output electrode 58 of the inverter circuit. 
[0115] FIGS. 21 A and 2lBshowan example of the layout 
of the low- power cell 1 having the inverter logic described 
in FIG. 1. FIG. 21A is a plan view and FIG. 21 is a cross 
sectional view taken along line A-B of FIG. 21A. FIGS. 
2 LA and 21B are different from FIGS. 20A and 20B with 
respect to the point that the diffusion layer 52 is connected 
to the metal line 46 via a through hole 60, and the diffusion 
layer 54 is connected to the metal line 47 via a through hole 
61. The other configuration is the same as that of FIGS. 20A 
and 20B. In short, as obviously understood by comparing 
FIGS. 20A and 20B with FIGS. 2 1A and 21B. the different 
points are only the positions of the through holes 56 and 60 
and the positions of the through holes 57 and 61. As 
described above, since there is no difference between the 
external shape of Ihe cell and the terminal positions, the 
number of manufacturing steps of a cell can be reduced. In 
step 14 in FIG. 8 and step 14A in FIG. 14 of replacing the 
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low-power cell 1 with the high-speed cell 2, the replacement 
can be performed without moving the cells once laid out. 
Consequently since the interconnections of cells do not have 
to be moved, the number of steps of disposing and inter- 
connecting cells can be also reduced. 
[0116] Semiconductor Integrated Circuil> 
rOU7] FIG. 22 maiulv shows a power system of the 
semiconductor integrated circuit to which the invention is 
applied. In the example, a semiconductor integrated circuit 
70 has a DC-DC converter 72. a CPU core 74. and an 
input/output circuit (I/O circuit) 73 which are on a semi- 
conductor chip. The I/O circuit 73 is a circuit such as a bus 
buffer circuit interfaced with an external address bus or data 
bus. or an analog input/output circuit such as an A/C. 
converter or D/A converter. The CPU core 74 includes a 
command control unit for fetching a command and decoding 
the command, and an execution unit lor executing an. 
computing process in accordance with the command decod- 
ing resulfbv the command control unit. Reference numeral 
71 denotes a power source circuit on the outside ot the chip. 
The external power source circuit 71 is provided for a circuit 
substrate on which the semiconductor integrated circuit 70 us 
mounted, and supplies a single pair of powers (VDD and 
VSS) to the semiconductor integrated circuit 70. ten 
example, VDD is equal to 5V and VSS is equal to OV. The 
DC-DC converter 72 for receiving the single pair of powers 
(VDD and VSS) generates four sets ot powers VDDU, 
VSSQ), (VDDH, VSSH), (VDDL. VSSL), and (VBP. 
VBN). Although not limited, VDDQ is equal to 3.3V VShU 
is equal to OV, VDDH is equal to 2.5V, VSSH is equal to 0V 
VDDL is equal to 2.0V VSSL is equal to 0.5V. ™P is equal 
to ? ^5 V and VBN is equal to 0.25V The powers (VDDQ, 
VSSQ) arc supplied to the I/O circuit 73 and the rest is 
supplied to the CPU core 74. In the example of HO. 
*incc it is sufficient to supply only one pair ot external 
powers (VDD, VSS) to the semiconductor integrated circuit 
70, the usability is excellent. 

f0L18l FIG. 23 shows mainly another power system of the 
semiconductor integrated circuit to which the invention is 
applied. FIG. 23 is different from FIG. 22 with respect to 
the point that a semiconductor integrated circuit 70A does 
not have therein the DC-DC converter 72 but Receives the 
four sets of powers (VDDQ, VSSQ), (VDDH, VSSH), 
(VDDL VSSL), and (V13P, V13N) generated from an exter- 
nal power source 71A and uses them as operation power 
sources. In the case of the example, it is unnecessary to 
provide a DC-DC converter on the chip. Consequently, the 
chip area of the semiconductor integrated circuit can be 
reduced only by the amount corresponding to the DC-DC. 
converter. 



r0U9l FIG. 24 shows a microprocessor as an example ot 
the semiconductor integrated circuit device to which the 
invention is applied. The microprocessor shown in the 
diagram is formed on a single semiconductor substrate or 
semiconductor chip made of single crystal silicon or the like 
by, for example, the CMOS integrated circuit fabricating 
technique . 

r0120l A microprocessor 80 has a CPU (Central Process- 
in* Unit) 81 having the instruction control unit and the 
execution unii, and an FPU (floating point unit) 82 special- 
ized for Boating point arithmetic. The CPU 81 has an 
addressing function for instruction access and operand 



access. Addressing to data loaded to the FPU 82 and data 
stored in the FPU 82 is performed by the CPU 81. 
r0l2l] A cache unit (CACHE) 83 has a data cache 
memory, an instruction cache memory, and an MMU 
(Memorv Management Unit) (which are not shown). I he 
MMU has an address converting function (if converting a 
logical address of the CPU 81 to a physical address, and has 
anenirv for address conversion in an address conversion 
buffer (TLB) of an associative memory structure. The 
instruction cache memory and the data cache memory have 
•m associative memorv structure of holding instructions and 
data around an instruction and daia of an address used 
recently out of instructions and data held by a main memory 
(not shown). One side of the cache unit 83 is connected to 
the CPU 81 and the FPU 82 and the other side is connected 
to a bus stale controller (BSC) 84. 

f012"M The bus state controller 84 controls necessary 
external bus access and access to a periphery circuit when a 
cache error, a TUB error, or the like in the cache unit u 
occurs. The bus state controller 84 has, as Peripheral circuits, 
a clock pulse generator (CPG) 87, a timer counter (RTC) 88, 
and an interrupt controller (INTC) 89. To ^ bus state 
controller 84, a direct memory access controller (DM AC) 80 
is connected. When the CPU 81 initially sets data transfer 
control conditions in the DM AC 86, the DMAC 86 starts a 
control of transferring data to/from the peripheral circuits 
and the outside via the bus state controller 84. The bus state 
controller 84 is connected to the external bus via an external 
bus interface 85. 

r01231 In the microprocessor 80 shown in FIG. 24, the 
above-described means of constructing a logic circuit by 
usinu both the first and second logic gates I and ^ cornmonly 
using the substrate potential is employed for the CPU «L 
FPU 8^ CACHE 83. BSC 84, DMAC 86. and INTC 89. For 
example, in the CPU 8L signal paths for a logic ot decoding 
an instruction code and issuing an instruction ^address a 
cache memorv access in the cache unit S3, calculation ot a 
sum of product in the FPU 82, and the like are apt to become 
critical, a circuit including them is constructed by mixedly 
usin- the first and second logic gates I and 2 which 
commonly use the substrate potential, thereby enabling both 
improved data processing performance by the microproces- 
sor 80 and lower power consumption to be realized. 
[0124] <Another Mode of sharing Substrate Potential 
TOP 5] FIG. 25 shows another example of the first and 
second Ionic gates of the semiconductor integrated circuit 
according^ the invention. In FIG. 1. the substrate potential 
VBP of the pMOS transistors MP0 and MP1 and the 
substrate potential VBN of the nMOS tra nsistors NM0 arid 
MN1 are prepared separate from the powers V DDH. ^VDDU 
VSSH and VSSL. In the example ot FIG. 25. VDDH also 
serves'as VBP, and VSSH also serves as VBN. As shown in 
FIG ^6 the order of the potentials, from the highest to 
lowest" is VDDH, VDDL, VSSH. and VSSH. In this case, a 
substrate bias is not applied to the MOS transistors MP0 and 
MN0 so that the threshold voltage is relatively low, and high 
speed operation is possible. Since reverse biases of only 
VDDL- VDDH and VSSL- VSSH are applied to the transis- 
tors MPl and MN1. respectively, the threshold voltage rises, 
and the leak current decreases. The high-speed cell 2 of the 
inverter tvpe as an example of the second logic gate 2 in 
FIG ^5 has an output amplitude of VDDH-VSSH, so that 
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17. A semiconductor integrated circuit according to claim 
16, wherein 

said first potential line pair includes a first high potential 
line and a first low potential line, 

said second potential line pair includes a second high 
potential line having a potential higher than that of said 
Hrst high potential line and a second low potential line 
having a potential lower than said first low potential 
line, and 

said substrate potential line is a high potential side sub- 
strate potential line having a potential between the 
potential of said first high potential line and the poten- 
tial of said second high potential line, and is a low 
potential side substrate potential line having a potential 
between the potential of said first low potential line and 
the potential of said second low potential line. 

18. A semiconductor integrated circuit according to claim 
16, wherein said first potential line pair includes a first high 
potential line and a first low potential line, 

said second potential line pair includes a second high 
potential line having a potential higher than that of the 
first high potential line and a second low potential line 
having a potential lower than that of said first low 
poteutial line, and 

said second high potential line is used as a high potential 
side substrate potential line, and said second low poten- 
tial line is used as a low potential side substrate 
potential line. 

19. A semiconductor integrated circuit according to claim 
L6, wherein said first potential line pair includes a first high 
potential line and a first low potential line, 

said second potential line pair is a second high potential 
line having a potential higher than that of the first high 
potential line and is said first low potential line, and 

said substrate potential line is a high potential side sub- 
strate potential line having a potential between the 
potential of said first high potential line and the poten- 
tial of the second high potential line, and is a low 
potential side substrate potential line having a potential 
higher than the potential of said first low potential line. 

20. A semiconductor integrated circuit having a circuit 
region in which a number of logic gates each having an MIS 
transistor are arranged on a semiconductor substrate, 

wherein said circuit region has a well region shared by a 
substrate potential' every conduction type of an MIS 
transistor, 

a first logic gate using, as an operation power source, a 
first pair of potentials having a relatively small poten- 
tial difference and a second logic gate using, as an 
operation power source, a second pair of potentials 
having a relatively large potential dittere nee are formed 
in said well region, 

in said well region, a p-typc well region in which an 
n-channel type MIS transistor is formed and an n-type 
well region in which a p -channel type MIS transistor is 
formed arc adjacent to each other, and 

metal lines lor supplying said first pair of potentials, said 
second pair of potentials, and a substrate potential are 
arranged on said well region. 



21. A semiconductor integrated circuit according to claim 
20, wherein said first logic gate includes an MIS transistor 
to which a substrate bias is applied in a reverse direction by 
said substrate potential, and 

said second logic gate includes an MIS transistor to which 
a substrate bias is applied in a forward direction by said 
substrate potential. 

22. A semiconductor integrated circuit according to claim 
20, wherein said first logic gate includes a p-channel type 
MIS transistor and an u-channel type MIS transistor to 
which a substrate bias is applied in a reverse direction by 
said substrate potential, and 

said second logic gate includes a p-channcl type MIS 
transistor and an n-channel type MIS transistor to 
which a substrate bias is applied in a forward direction 
by said substrate potential. 

23. A semiconductor integrated circuit according to claim 
20, wherein said first logic gate includes a p-channel type 
MIS transistor to which a substrate bias is applied in a 
reverse direction by said substrate potential, and 

said second logic gate includes a p-channel type MIS 
transistor to which a substrate bias is applied in a 
forward direction by said substrate potential. 

24. A semiconductor integrated circuit according to claim 
20, wherein said first logic gate includes a p-channel type 
MIS transistor and an n-channel type MIS transistor to 
which a substrate bias is applied in a reverse direction by 
said substrate potential. 

25. A semiconductor integrated circuit comprising: 

a first logic gate for generating a relatively small output 
signal amplitude by using a first potential pair as an 
operation power source: and 

a second logic gate for generating a relatively large output 
signal amplitude by using a second potential pair as an 
operation power source, 

wherein a substrate potential of an MIS transistor in said 
first logic gate and that of an MIS transistor in said 
second logic gate arc common to each other. 

26. A semiconductor integrated circuit according to claim 

25, wherein said first logic gate includes a sequence circuit 
and a combinational circuit, said second logic gate includes 
a sequence circuit and a combinational circuit, a plurality of 
unit signal paths each leading from a sequence circuit to a 
sequence circuit at the next stage via one or a plurality of 
combinational circuits are provided, and said plurality of 
unit signal paths includes a unit signal path in which said 
first and second logic gates mixedly exist. 

27. A semiconductor integrated circuit according to claim 

26. wherein in a unit signal path in which said first and 
second logic gates exist mixedly, said second logic gate is 
disposed on the upstream side of said first logic gate. 

28. A semiconductor integrated circuit according to claim 
26, wherein in a unit signal path in which said first and 
second logic gates exist mixedly, a sequence circuit includ- 
ing said second logic gale for receiving an output of a 
combinational circuit including said first logic gate has, at its 
input stage, a clock synchronous type level shifting circuit 
for shifting the level of an input signal amplitude to the level 
of an output signal amplitude of said second logic gate 
synchronously with a clock signal. 
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29. A semiconductor integrated circuit according to claim 
26, wherein in a unit signal path in which said first and 
second logic gates exist mixedly. said second logic gale for 
receiving an output of said first logic gate is a level shitting 
circuit for shifting the level of an output signal amplitude of 
said first logic gate to the level of an output signal amplitude 
of said second logic gate, and a second logic catc circuit is 
connected to an output of said level shifting circuit in series. 

30. A method of designing a semiconductor integrated 
circuit by using a first logic gate and a second logic gate in 
which substrate potentials of MIS transistors of the same 
conduction type are equal to each other, comprising: 

a first step of determining whether a signal propagation 
delay time of a signal path in a logic circuit designed by 
using the first logic gate using, as an operation power 
source, a first pair of potentials having a relatively 
small potential difference achieves a target time or not: 
and 

a second step of replacing one or a plurality of first logic- 
gates included in a signal path having a signal propa- 
gation delay time which does not achieve the target 
lime in said first step with a second logic gale using, as 
an operation power source, a second pair of potentials 
having a relatively large potential difference. 

31. A method of designing a semiconductor integrated 
circuit according to claim 30. further comprising 

a third step for determining whether a signal propagation 
delay time of the signal path in which replacement is 
performed in said second step achieves the target time 
or not and, if it does not achieve the target time, 
replacing another first logic gate included in the signal 
path with a second logic gate. 

32. A method of designing a semiconductor integrated 
circuit according to claim 31, wherein in said second and 
third steps, the replacement with the second logic gale is 
performed from the upstream side of the signal path. 

33. A method of designing a semiconductor integrated 
circuit according to claim 31, wherein in said second and 
third steps, when the second logic gate as a sequence circuit 
is disposed at the next stage of a first logic gate, said second 
logic gate has, at its input stage, a clock synchronous type 
level shifting function for shifting the level of an input signal 
amplitude to the level of an output signal amplitude of the 
second logic gate synchronously with the clock signal. 

34. A method of designing a semiconductor integrated 
circuit according to claim 31, wherein in said second and 
third steps, when the second logic gate is disposed at the next 
stage of the first logic gale, a level shifting circuit for shifting 
the level of an output signal amplitude to the level of an 
output signal amplitude of the second logic gate is inserted 
in front of said second logic gate. 

35. A program recording medium on which a program for 
supporting designing of a semiconductor integrated circuit 
using a first logic gate and a second logic gale in which a 
substrate potential of MIS transistors of the same conduction 



type are equal to each other is recorded so as to be read by 
a computer, the program executing: 

a first step of determining whether a signal propagation 
delay time of a signal path in a logic circuit designed by 
using the first logic gate using, as an operation power 
source, a first pair of potentials having a relatively 
small potential difference achieves a target time or not; 
and 

a second step of replacing one or a plurality of first logic 
gales included in a signal path having a signal propa- 
gation delay time which does not achieve the target 
time in said first step with a second logic gate using, as 
an operation power source, a second pair of potentials 
having a relatively large potential difference. 

36. A program recording medium according to claim 35, 
wherein said program can further execute a third step for 
determining whether a signal propagation delay time of the 
signal path in which replacement is performed in said 
second step achieves the target time or not and. if it does not 
achieve the target time, replacing another first logic gate 
included in the signal path with a second logic gate. 

37. A design data recording medium on which design data 
lor designing an integrated circuit to be formed on a semi- 
conductor chip by using a computer is recorded so as to be 
read by said computer, the design data comprising: 

first mask pattern data for determining a figure pattern for 
forming a first logic gate to which an operation power 
source is supplied from a first pair of potential lines 
having a relatively small potent ial difference and a 
substrate potential is supplied from a substrate potential 
line on said semiconductor chip: and 

second mask pattern data for determining a figure pattern 
for forming on said semiconductor chip a second logic 
gate to which an operation power source is supplied 
Irom a second pair of potential lines having a relatively 
large potential difference and a substrate potential is 
supplied from a substrate potential line. 

38. A design dala recording medium on which design data 
for designing an integrated circuit to be formed on a semi- 
conductor chip is recorded so as to be read by said computer, 
the design data comprises: 

first function description dala for determining a function 
of a first logic gale to which an operation power source 
is supplied from a first pair of potential lines having a 
relatively small potential difference and a substrate 
potential is supplied from a substrate potential line: and 

second function description data for determining a func- 
tion of a second logic gate to which an operation power 
source is supplied from a second pair of potential lines 
having a relatively large potential difference and a 
subsirate potential is supplied from a substrate potential 
line connected to said substrate potential line. 

* * * * * 



